In this study, Feldstein-Horioka hypothesis on saving-investment relationship was tested for the period 1968-2008 in Turkey using Hansen-Seo, Gregory-Hansen and Hatemi-J models. First of all, when Feldstein-Horioka hypothesis was researched by Hansen-Seo method, the variables did not exhibit a nonlinear structure. Then, with Gregory-Hansen and Hatemi-J models, it was found that the saving-retention coefficient got a value close to 1 and 0.426 respectively. It was understood that the Feldstein-Horioka puzzle continued. The results obtained show that in testing Feldstein-Horioka hypothesis, instead of a fixed parameter assumption, applying test techniques that take endogenous structural breaks into consideration would give more reliable results.
Introduction
The international financial integration degree which is defined in connection with the financial markets has shown a significant increase both in developed and developing countries since the 1980s as result of technological developments, financial liberalization and the growth in volume of world trade. When large current account deficits of many countries appeared, particularly the relationship between domestic savings and investments became the focus issue of the discussions in international macroeconomy. When it is accepted that capital movements have a positive effect on development, it becomes important to measure this mobility (Andrade, 2008:22) .
The traditional approach in testing the capital mobility hypothesis is the FeldsteinHorioka (1980; hereafter FH) pioneer study. The question "How mobile is the world capital supply in international sense?" has been the question tried to be answered by FH. According to FH approach, in a world where international capital flows are free, an increase in domestic savings should not create a change in domestic investments. Feldstein and Horioka (1980) , Feldstein (1983) , and Feldstein and Bacchetta (1989) interpreted the positive correlation coefficient among the variables as a proof of the low degree of long term international capital mobility. High correlation coefficient means that investments are financed by domestic savings. On the contrary, low coefficient shows that investments are financed by international savings. This means that the capital moves from less productive countries to more productive ones (Hogendorn, 1998:142) . When domestic saving and investment rates are equal, current account balance will be close to zero. Feldstein and Horioka carried out an emprical study in order to measure the degree of capital mobility over the period [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] for sixteen OECD countries. In the findings they obtained, the savingretention coefficient is a value close to 1. Only 5-15% of the national savings are financed by foreign investments. They interpreted this result as a proof of the low capital mobility during the concerned period, in contrast to with the idea that international capital flows integrate quickly. This result was taken by surprise especially in finance area. Because the capital mobility among the OECD countries was very high during the concerned period and there were important transformations concerning the liberalization of the capital markets. Some studies that were carried out also supported the results of FH (Feldstein, 1983; Dooley et al., 1987; Tesar, 1991; Narayan, 2005) . However, as they did not correspond to reality, the findings obtained were called as "FH puzzle" in literature.
In this study we aim to test the FH hypothesis in Turkey during the period 1968-2008 with the help of two-regime threshold cointegration, Gregory-Hansen (1996) and Hatemi-J (2008) models. The first model is important as it takes into the long term nonlinear relationship between savings and investment. The second and third models allow us to test whether the FH puzzle continues to be a problem in single and double breaks. Thus, each three model used in the study will give the opportunity to compare whether the findings about FH hypothesis are consistent or not. We also show whether the emprical findings can be interpreted as a reliable indicator for Turkey especially with respect to capital mobility degree.
The rest of the article is as follows. In the second section, we explain the theoretical explanation of the threshold cointegration test developed by Hansen-Seo (2002) . That the explanation power of traditional unit root tests in the unit root analyses of the series with a threshold structure is low made it essential to choose the suitable one of the threshold autoregression (TAR) unit root tests out of the tests applied. In the third section, we introduce briefly the single-structural break cointegration test developed by Gregory-Hansen (1996) and the two-structural break cointegration test developed by Hatemi-J (2008) . In section four we introduce the related data set. In section five, we give the empirical test results. Finally, section six concludes with the evaluation of the findings.
Literature Review
The FH puzzle, which has found wide coverage in literature, has been the subject of important discussions aiming to explain the international capital mobility and puzzle. The solution of FH puzzle is important as it depends on the degree of savinginvestment (hereafter S-I) correlation of economic policies which support the domestic savings (Telatar et al. 2007: 524) . If there is strong correlation between two variables, the economic policies supporting the domestic savings will increase the domestic investments. Otherwise, such kind of policies will not have any effect on the internal investments due to the increase in international capital flows.
The studies aiming at solving the FH puzzle can be classified in two ways: the theoretical inference of the FH coefficient and economic modelling problems (Telatar et al. 2007 ). In the discussions regarding theoretical inference, unlike Feldstein and Horioka, some studies interpreted the high FH coefficient as an evidence of high international capital mobility. For instance, Murphy (1984) proves that the high correlation between the S-I rates in OECD countries has consistent results regarding capital mobility. Concerning the hypothesis, Murphy (1984) showed "country size" as a proof and argued that the reaction of the world interest rates to a change in the savings rate of a country depended on the size of this country. If a fall in the savings rates of a big country is in question, the world interest rates will increase and the investments in all countries will decrease. This situation will probably result in a positive correlation between saving and investment. Baxter and Crucini (1993) argue that the positive correlation between savings and investment occur naturally by using the quantitative limited balance model in which the physical and financial capital flows are full motion. According to this, they showed that the high correlation that will be obtained when the "country size" is added to analysis could be a proof of the high capital mobility because of the strong effect of the powerful county on world interest rates. However, Chan and Bharumshah (2007) obtained findings showing that the problem stems from the econometric specification rather than the country size.
In many studies, the FH puzzle was interpreted as a problem that could be cointegrated in the time dimension of savings and investments independent of capital mobility (Coakley at al. 1996; Coiteux and Oliver, 2000; Gundlach and Sinn, 1992; Jansen, 1996; Moreno, 1997; Sachsida and Caetano, 2000) . Interperiod general balance tests were used in these studies and the hypothesis on the perfect capital mobility in open economy conditions was considered. Thus, it was emphasized that the long term correlation could not be used in testing the degree of capital mobility. Bayoumi (1990) explained the high positive correlation coefficient with the monetary and fiscal policies the governments apply because of their current balance goals despite the capital mobility.
Concerning the econometric modelling issues aiming at the explanation of the FH coefficient, usually in cross-section studies, results supporting the FH hypothesis were obtained. However, the cross-section studies are criticized in some aspects. First, during the period, namely in the second half of the 1970s, when FH discussed the issue, the increases in the capital movements were not high enough. Secondly, the structure of shocks and countries can vary from country to country (each country can have different financial deficits and capital controls). In this situation, it is not reasonable to expect the same savings-investment relationship for all countries in the sample. Thirdly, there can be significant deviations in the parameter estimations of cross-section regression models. Fourthly, the short term dynamics of the savingsinvestments relationship needs to be taken into consideration. When the time average data are used in cross-section studies, if the sample is big, the real size of the saving-retention coefficient will probably give misleading results (Ho, 2002; Obstfeld, 1994) . Due to this inadequacy of cross-section studies, time series analyses have started to be used as an alternative in some studies (Alexakis and Apergis, 1994; Apergis and Tsoulfidis, 1997; Bajo-Rubio, 1998; Caporale et al., 2005; De Vita and Abbott, 2002; Pelagidis and Mastroyiannis, 2003; Sinha, 1998, 2004; Tesar, 1993) . As time series analysis make individual country studies possible, the cross-country differences can be taken into consideration. In addition to this, the possible presence of simultaneous equation bias in time series might cause the estimated parameters to be fake (Feldstein Horioka, 1980; Obstfeld, 1986) . It is also assumed that there is a fixed parameter in time series over the period in question. As Özmen and Parmaksız (2003) mentioned for the last 30 years world economy has witnessed important financial deregulations consistent with the Lucas Critique. For this reason, fixed parameter assumption during different time periods would not be reasonable. Özmen and Parmaksız (2003) applied endogenous break test for England and with the abolition of foreign exchange controls after 1979, they found that there is no S-I correlation. Similarly, in the study they carried out for the developing East Asian countries, Kaya-Bahçe and Özmen (2008) tested whether the current account surplus of these countries is compatible with the "savings abundancy" and the FH puzzle. The findings they obtained show that the savingretention coefficient in most countries decreased after the endogenous structural break with the foreign exchange rate change which started to be applied during the 1997-1998 crisis. Flexible exchange rate regime increases the financial integration. Its results were consistent with the proposition "investment scarcity" rather than the proposition "savings surplus". Telatar et al. (2007) applied the Markov-Switching model with different variance distribution in the study they did for the 1970-2002 period for the EU countries. In this model the parameters allow different regime transitions. In other words, this model was used as it fits the data that show two different situations: High capital mobility and low capital mobility. Thus when the regime transition characteristics of the data were taken into consideration, they were able to measure the capital mobility by using the saving-retention coefficient of FH. In the study which they did by dividing the countries into two groups, they obtained theoretically anticipated results for the first group (Belgium, Denmark, Finland, France, Italy and Sweden). In other words, saving-retention coefficient decreased as there were more capital markets after the establishment of Europaen Monetary Union (EMU). In the second group of countries (Germany, England and Holland), a single transition point could not be found. This interesting finding was interpreted as follows: the national investment and saving determiners of the countries at hand can also change in time depending on the changes.
When looked at the studies conducted for Turkey, Yıldırım (2000) applied the ARDL model for the period 1962-1968. Because of the effects of financial innovations and the other developments, she added a trend variable to the model and with the examination of remains after the initial regression; she added a dummy variable to the model for this period because of a value which deviated between the periods of 1976-1983. In conclusion, the short term saving-retention coeffient is low in Turkey and this finding shows that there is capital mobility. Besides, writer has interpreted in the way that any kind of imbalance can be adjusted by the high error correction term. Adedeji and Thornton (2008) applied panel cointegration technique in the period 1970-2000 for the 50 developed and developing countries, one of which was Turkey. The findings they obtained: (i) savings and investment series are not stationary and they are cointegrated data, (ii) there are differences in the saving-retention coefficients of the country groups. The savings-retention coefficient is lower in OECD and African countries, (iii) in all country groups the saving-retention coefficients have fallen down significantly in the second half of the period. The findings obtained by the writers mentioned are consistent with the hypothesis stating that international capital flows increase in time. Another study is the study of Yenturk et al (2007) . The study in question was done with the quarterly data of the 1987-2003 period and private savings and investments were taken into consideration. In the study where the mutual relationships between growth, savings and investments, the mid and long term savings and investments are cointegrated, but no relation was found in the short term. The causality relationship between the variables was also examined and the finding showing that growth was a result of both the savings and investments was obtained.
Capital Movements in Turkey
The . When the developments since the year 1980 are taken into consideration, it draws attention that there has been a quantitative increase in the total capital movements and the total capital forms that were not present before 1980 2 . For instance, the portfolio investments started to come to Turkey from 1986 and increased more after 1989. When we look at the developments in Turkey in 2000, especially the stand-by agreement signed with IMF, the continuity of the positive arbitrage returns for "hot money" flows despite declining interest rates, and the credibility of the nominal foreign exchange anchor within this year, net foreign capital inflows increased and became 15.2 billion US dollars 3 .
Although the table has just been the opposite since the second half of 2000, with the contribution of the 2.9 billion US dollars that came from the IMF in 2000 and January 2001, a temporary stability in capital movements was assured. However, in the months November-June, which had the crisis conditions, hot money outflows of foreign origin, was 11 billion US dollars. In the same period, it is seen that direct foreign investments increased 2.4 billion dollars (Boratav, 2001 ).
Shares of the net capital inflow in the capital movements are shown in Table 1 4 . In the table where there are the effects of the 1994, 1998 and 2001 crises on the capital movements and also the capital flow changes, the effect of the 1994 crisis is seen on short term capital movements. The determining effect of the 1998 Asian crisis is also seen in portfolio investments. The most determining effect of the 2001 crisis is on short term capital and portolio investments. In the first two periods, while the share of short term capital and portfolio investments in total capital movements increases, the share of the other long term and direct investments decreases. In the third period, it is seen that the other long term capital flows and the direct investments increase much more significantly than the previous periods. 
Econometric Metholodogy and Data
Threshold cointegration method was introduced by Balke and Fomby (1997) by considering the long term nonlinear adjustments by combining nonlinear structure and cointegration. In the traditional approach, depending on the sign of error correction term and its statistical meaningfulness, there always occurs a trend towards the long term equilibrium point. Balke and Fomby (1997) stated that this trend would not always occur because of the costs chain that emerged in the decision stage of the economic units depending on the adaptation. Since the reactions the variables to be analysed with this thought show would be different from each other according to the economical conditions, threshold cointegration method, developed by Hansen and Seo (2002, hereafter HS) , was used in this study by considering the possibility of a nonlinear relationship between savings and investments. Analysis was conducted by considering cointegrated vector whose HS method was unknown. HS developed VECM model that makes the testing of the threshold effect based on error correction term with a single cointegrated vector by means of LM test possible. The model is also called as two-regime threshold integration model or nonlinear VECM model. The predictions made based on the tests depending on the threshold cointegration analysis enables to reflect long-term relationships between the variables in a better way (Esteve et al. 2006 (Esteve et al. :1036 .
HS method considers that the system constructed exhibits a nonlinear tendency towards the long-term equilibrium with the assumption of the existence of two different regimes (Hansen and Seo, 2002:293) . SupLM test is used in order to test the existence of threshold effect. The SupLM test, suggested by Davies (1987) , Andrews (1993) , Andrews and Ploberger (1994) , tests the hypothesis stating "it has no threshold effect" or "it is linear". The model used while null hypothesis is correct or there is no threshold effect is classic VECM. If threshold value parameters are defined under null hypothesis or are not determined, the result is estimated according to SupLM test. Besides, in HS test, a structure that permits structural changes in terms of parameters in addition to the error correction model of Seo (1998) term. Linear VECM model can simply be written from (l+1) degree as follows; 
Here γ denotes the threshold value parameter. If the model is written again according to threshold value parameter, we obtain the equation
Hansen-Seo try to calculate the β values in the equality no 2 assuming that p=2 and there is one cointegrated vector.
Here, ( , ) 1(
The two-regime threshold value model (equality no 2) is defined with the error correction term. 1
A and 2 A coefficient matrices contain regime dynamics. β vector is standardized in order to eliminate the determination problem. Thus, the equality no 2 enables all the coefficients except cointegration vector β to transfer between two regimes. Threshold effect is valid only if 0 (
. With the rearrangement of this constraint depending on the trimming value (0.05= 0 π ) 5 , it has the inequality:
With the assumption that error terms are distributed normally, the regime no (2) can be estimeated under the maximum likelihood method as follows: 
: (9) under an empty hypothesis. It cannot be computed under the assumption stating that there is null hypothesis or linear cointegration 6 . Because Davies (1977) showed that linear autoregressive model includes a nonstandard distribution because of the problem of unidentifying the threshold parameter under the null hypothesis is "linear" hypothesis. For this reason, SubLM test introduced by Davies (1987) was used.
Here, L γ is equal to the % 0 
Data
In this study, first of all, a nonlinear relationship between the FH puzzle and the related variables are handled, test results are revised in line with the findings obtained and cointegration analysis taking the other test methods single and twobreak into consideration were used 7 . The variables used in the study are annual and they cover the period 1968-2008. Data set was compiled from the World Bank WDI database. Before mentioning the empirical findings, the determination and application results of the deterministic and stochastic components are given in Appnedix 2-Appnedix 5 as classical and break unit root tests.
Empirical Results

1. Two-Regime Threshold Cointegration and Auto-regression (TAR) Models
In this study, as in FH (1980) studies, the following model was constructed:
Where, I is domestic investments; S National savings; Y GDP and ε error term. (Feldstein and Horioka (1980: 317) . Thus, they argued under the assumption of FH full capital mobility that the share of savings and investments within GDP was not interrelated ( β =0). Feldstein-Horioka assumed that the value of the coefficient β in the regression no (10) provided the degree of capital mobility. Accordingly, high value of β shows low capital mobility and low value shows high capital mobility. On the other hand, if capital flows are prevented due to the portfolio preferences and corporate restrictions, the increase in domestic savings will primarily reflect to the additional domestic investments (Feldstein and Horioka, 1980:328) .
FH puzzle was tested with Hansen-Seo method by primarily considering a nonlinear relationship among the related variables. The estimation findings obtained according to the threshold cointegration method developed by Hansen-Seo are shown in Table 2 . According to the test results, since 9.95, which was obtained, as a value of SupLM statistics was too low when compared to fix and residual bootstrap probability value, the existence of threshold cointegration was rejected. Additionally, the long-term reaction of the coefficients belonging to the variables according to the threshold value parameter is shown in Appnedix 1. When test statistics values in Table 2 are considered, the reaction of the variables in Appnedix 1 to threshold value parameter in typical and extreme regime is statistically non-significant. Accordingly, the findings obtained can be evaluated as evidence showing that there is a long-term relationship in the linear structure among the related variables. For this purpose, considering the effect of structural transformations in the Turkish economy, the existence of a long-term relationship between the variables including investments and savings was tested with Gregory-Hansen (1996) , Hatemi-J (2008) regime change models, which takes single and double break into consideration.
Single and Double Break Regime Shift Models
The test carried out when structural changes in time series are not considered does not only constitute a unit root problem but it can also invalidate cointegration test results (Leybourne and Newbold, 2003) . Therefore, analyses that consider whether the structural change process in time series have an effect on the degree of cointegration enable to make more efficient estimations. The most important point in FH Hypothesis is the unchangeably of political regime change in the relationship between domestic savings and investments. When this situation is considered, the problem can be in the direction that S-I relationship is not cointegrated in the long term against the political regime changes towards capital mobility and international financial integration. As Özmen and Parmaksız (2003) point out, there is no reason for a parameter assumption in different time periods in a world where capital movements have increased for the last thirty years. If the so-called regime change constitutes the centre of the problem, combining S-I relationship with an endogenous structural break analysis will be important to get more reliable results. Therefore, in this study, Gregory-Hansen (1996) test, which has been commonly used during the last period, and Hatemi-J (2008) test which is new and developed a double break cointegration test, were used?
Gregory-Hansen cointegration test is an approach that provides estimations under the break of cointegration vector and determines the break internally depending on the observation values in the system. Gregory-Hansen stated modified ADF and Za and Zt test procedures based on residuals by considering the studies of Engle and Granger (1987) and Phillips (1987) in order to test the long term relationships in case of the existence of a single break within the system. This test tests the existence of cointegration vector under a single break. Generally, the trend of the series changing depending on the time will not be modeled in this study in order to test whether the series consisting of break act together in the long term 8 . Because as stated by Zivot-Andrews (1992) , while the possibility of occurrence of the problematic parameters due to the oversimplification of asymptotic distribution increases, as stated in Hansen-Seo (2002) , break in the trend gains a meaning when the time and size of break is only random. Because of these reasons, Gregory and Hansen formed a general model that gives permission to break in the trend and consisting of the effect of the break in the trend for cointegration vector to the break in the constant and slope (regime shift=constant break+break in the slope). The efficiency of estimation findings obtained as a result of cointegration is put forward with the help of Gregory-Hansen test. Here, it is put forward whether there is a regime shift during the concerned period depending on whether parameter estimations change along with the estimation of break year. Accordingly, the model consisting regime change can be formed as follows.
The artificial variable 1, D t in Model 1 shows the shifts in the constant and slope during a process of structural change and is defined as follows.
[
Where, τ takes a value between the interval (0,1) and shows the time of breaking period. For each τ value of Model 1, first-degree autocorrelation coefficient is obtained by obtaining residuals under LSM (the least Squares Method). 
Due to the fact that the sample size was not big enough, Philips (1987) Z and modified ADF test statistics by using theρ τ value in a corrected form as weighted aggregates of autovariations are shown below.
The break in the cointegration vector and the movement of series can be observed in the long term by comparing these statistics computed from residuals with the Gregory-Hansen (1996: 559) Besides, the effect of cyclical fluctuations in the developing country economies causes a more than one structural changes in the series. When viewed in this respect, the existence of more then one breaks in the cointegration vector can change the long-term relationship of the series. This situation was included in the literature as Hatemi-J (2008) test and is an extension of Gregory-Hansen test. Only critical values and test statistics in equation 14 change. Accordingly, the related statistics were revised in equations 15 in Hatemi-J study and the regime change model, which shows the change in the constant and slope were modeled as in equation 16. -90.794 -76.003 -52.232 1994 1995 -6.02 -5.5 -5.24 -6.503 -6.015 -5.653 According to the Gregory-Hansen single-break cointegration test results, the savingretention coefficient is 0.859. This coefficient showed a decrease of -1.051 units after the break year 2000. The coefficient obtained is close to 1. This situation shows when single break Gregory-Hansen test is considered that FH puzzle is going on. According to the results of Hatemi-J test, the investment-retention coefficient was found to be 0.426 until the year 1994, which was known as structural break. Structural break years were determined to be 1994 and 1995. According to the findings obtained, coefficient value between the periods of 1994-1995 increased 0.408 unit; after 1995 it decreased 1.044 unit. When the results are compared, it is seen that Hatemi-J test results, which corresponds to the literature, provides more reliable findings. When the two structural breaks are considered, it is seen that FH puzzle was eliminated. The decrease in this coefficient after break is in harmony with the idea stating that capital movements in Turkey are getting more and more integrated. Even, according to Gregory-Hansen test, it can be said that the situation showing that the coefficient value of 1 β ′ (-1.051), which obtained after break, is higher when compared to H-J (-1.044) provides information expressing that the post-2000 period of capital mobility within the period it was handled has accelerated. Therefore, according to Feldstein Horioka, it can be said that, in a world where capital mobility exists, the hypothesis stating, "There will be no relationship between domestic savings and domestic investments" is valid for Turkey. Particularly, when the double structural break cointegration model is considered, it is seen that FH puzzle was eliminated in harmony with the data related to capital mobility.
Conclusion
In this article we study the relationship between savings and investments for Turkey during the period 1968-2008 emprically with the hypothesis introduced in the original article by FH. We use two different methods in estimating the mentioned
Threshold cointegration estimation method (HS) and cointegration method taking one and two regime (Hatemi-J) endogenous structural break into consideration.
In light of the findings obtained, according to the threshold estimation method which takes nonlinear structure into consideration, it was deduced that there is no nonlinear relationship between the two variables. This finding convinced people that there might be a linear relationship; then, we apply one and two structural break cointegration tests. According to single structural break cointegration model, the saving-retention coefficient got a value close to 1 and it was understood that FH puzzle continued. In the context of FH hypothesis, especially when two-structural break test was applied, the saving-retention coeficient (0.426) shows that there is capital mobility in Turkey and it increases in years. This is a very reasonable result. 1994 and 1995, which are determined as the two break years, are the years when there was financial crisis in Turkey and rapid capital escape. 
